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Abstract. The paper presents a novel voltage control method based on the THD correction using a hysteresis
controller. This structure is used as an AC/DC/AC driving system for asynchronous machine. Using the novel
THD correction system enabled by a hysteresis controller turns the non-sinusoidal source current of the system
into a sinusoidal waveform. Simulation and experimental results show a significant improvement of the source
current due to eliminated harmonics and a notable decrease in the THD value from 28.24 to 3.25.
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Sistem za zmanjSevanje viS§jeharmonskega popacenja z
uporabo krmilnika s histerezo

V prispevku je predstavljen krmilni sistem za izlocanje
vi§jeharmonskih komponent in zmanjSevanje popacenja. Sistem
uporabljamo za pogon elektri¢nih asinhronskih motorjev. Z
uporabo korekcijskega sistema na osnovi krmilnika s histerezo
dobimo izboljSani sinusni potek elektricnega toka. Rezultati
simulacij in meritev potrjujejo izboljSan sinusni potek in
zmanj$anje faktorja popacenja z 28.24 na 3.25.

1 INTRODUCTION

Modern electronic circuits and equipments do not behave
as exactly as the linear load in an AC network. Today,
one or more switching-mode converters are used in most
electronic systems to draw non-sinusoidal current from
the network. This current contains harmonics which
distort the voltage waveform and are this lively to affed,
other equipment connected to the network. Therefore,
using thicker wires is being a necessity availability and
efficiency. To solve this issue, an acceptable appropriate
level of the total harmonic distortion (THD) needs to be
assured. For this purpose, some methods and circuits have
been developed and the number of these circuits and
control algorithms has been increasing day by day [1-2].
In [3-4-5-6] some of the papers, dc-dc converters for
THD and AC/DC/AC converter systems are used to
minimize the THD values. Normally, when using a bridge
rectifier for the dc-link voltage, a 70-80% of THD value
of the input current is obtained [7]. In these papers, a
boost converter and three-level inverter are used for the
AC/DC/AC converter system. In some of the recent
publications, the voltage control based THD correction is
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investigated. In [8-10], a fuzzy sliding-mode controller is
used for the network control system to shorten the long
time-varying delays in the system. In [11-13], type Il
fuzzy PID single-input single-output system is applied to
modify each control of the sliding mode controller. In
[14-16], a sliding-mode PD fuzzy logic controller is used
as a speed compensator, connect on weights values are
ajusted online according to the error between the state
variable of the machine and the reference model. In [17-
20], a fuzzy integral sliding-mode current-control strategy
is proposed to maximiz the wind-power extraction and
eliminate the voltage harmonics. Recently [21], a
hysteresis controller is used as a voltage controller in a
single-ended primary inductor converter (SEPIC) to
estimate the mismatched disturbances in the PWM-based
DC-DC buck-power converter systems [22-23]. In [23-
25], a voltage controller integrated in a fuzzy control is
used in the boost converter. Similarly, in [26], a THD
correction algorithm is presented using a hysteresis
controller in affected by reference voltage and load
changes in the boost converter.

Our aim is to eliminate the harmonics in the boost
converter circuit connected to the output of a bridge
rectifier and operated to achieve high THD values and to
obtain a controlable variable of the DC voltage.

2 THD CORRECTION USING A HYSTERESIS
CONTROLLER

Two controllers are used for the voltage and current
used to obtain a THD algorithm. For the converter circuits
operated for THD and generat on of a variable DC
voltage, a robust controller is fenerally emplyed to
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nominations in the input-output voltage, load and input
current. In our study, to control the current, a hysteresis
controller is used. The output voltage of dc-dc converter
is employed as a DC link voltage of a two-level inverter.
Because of its advantages, the Space Vector Pulse Width
Modulation (SVPWM) is used to design a system for
driving an asynchronous machine. Its structure setup is
shown in Fig.1.
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Figure 1. Structure AC/DC/AC converter.

The hysteresis control also is a nonlinear control that
using the error between reference current i: and the

current produced by inverter i: [3]. The error is

compared to a template called a hysteresis band. As soon
as the error reaches the lower or higher band, a control
command is sent so as to remain within the band. The
simplicity of implementation, the principle is shown in
Fig. 2.
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Figure 2. Principle of the current using a hysteresis controller.

i

The hysteresis control is an effective method to control
by making the non-linear systems [3]. the principle of
control is to force the output voltage or current to follow a
reference sinusoidal in a band fixed by the hysteresis
element. The limits of the switching band can be fixed
type. For state variables of a nonlinear system are given
below:

oy = |y SIN(t) + Al ()

I, = |, SIN(at) — Al )
The sinusoidal limits are given by:

i =(1, +Ai)sin(at) @3)

I, = (I, —Ai)sin( wt) 4)

The output current to be controlled is applied to the
hysteresis controller and compare to the reference signal
to generate the switching signal as follows:

If |i5|)|im| The upper-arm switch is closed and the
lower switch is open.
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If |iS|<|im'n| The upper-arm switch is open and the lower
switch is closed.

1F [iin <[is | i | No change.

@
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Figure 3. Hysteresis control.

3 SPACE VECTOR PWM TECHNIQUE

For a two-level voltage-source inverter, the three-
phase voltages used for the SVPWM technique are
represented by a voltage space vector in the a-p space
using the Clarke transformation. The phase angle and
amplitude of this vector can be obtained by the
instantaneous values of three-phase voltages (V, ,Vy,

and V. ) are converted to the V,, Vg components to

obtain V¢ by using Eq 5.

—_—

Vo =4V? Jrv[,2 (5)

V
f=tanl £ 6
aty ®

The 0 angle varies and the spaces change every 60
degrees. The € angle given in Eq.6 has to be found in
order to determine (sector) the place of reference voltage

R

vector V,; in hexagonal voltage-vector space at next

step. It is obtained using instantaneous values of the three-
phase voltages [27]. The inverter is based on absence on-
state of two switches on a phase-leg at the same time.
Therefore, there are eight probable switching states are
available depending on (on-off) states of the six switches
[7]. The output voltage of inverter is determined by these
eight switching states and each of these eight different
switching states can be expressed with the voltage vector
by given below:

Vzg(vaejo +V, ez +Vce—j2ﬂ'/3) ™

where the reference-voltage values of the a, b, ¢ phases
are represented with Va, Vb and Vc and are defined by
Eq.8:
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V, =V, sin(at)
V, =V, sin(aot—27/3) (8)
V, =V, sin(at +27/3)

The eight different switching states and the corresponding

voltage vectors are given in Tab 1. V, and \7{ are the

zero vectors and then others are active vectors.
Accordingly, the zero and active vectors are constant but
the reference vector rotates at the @ angular speed. To
experimental by use the SVPWM technique, need to be

traced the four steps. At first step, to obtain the V¢ ,

then, to trace the hexagonal voltage vector space in
second step. At the third step, the T,,T,, Ty are

calculated. They are the switching times of V;,V,,Vq
harmonic 2 obtained in Eq.9.

Table 1. The switching states of the three-phase two-level

inverter

Space On

Va Vi Ve
Vectors switches
Vowooy | S5.5,. S,

0 D D
Vo | 915585
V, 00y | 51.55.8g | 23Vee | 13V | 23Vi
V.10 | S1.85. 8 | 13Vee | 13Ve

- 1/3Vne
V,010) | S7.85.8g | 13Vac | 23Vee | 13Vne
V,011) | S3.85. 85 | 23Vee | 153Vec | 13Vo
Vi©o1) | S5.85, 85 | 13V | 1/3Vec | 23Vn
Voot | S1.55. 85 | 18Vee | 23V | 18Vne
Vig-ls =Vi1, +V, 1, +V, 1, ©

lg=1,+1,+1,
For the first space, the T, , T, , T, are given in Eq.10.

Jav
T, =~ T sin(Z - 9)
V,, 3

Vav .
R=anmw) (10)

da

To=Ts+T, +T,

The T,,T,,To values for the other spaces are obtained

using the same method. At the last step, the harmonic
order 2 of space-vector application is determined for the

reference vector (\E) when the switching signals are

generated. The harmonic order 3 of this application can
be designed in several ways. To obtain minimum
switching frequency and the optimum harmonic
performance two requirements must be met [28].

The switching states in the voltage vector space are
determined by taking into account the two requirements
and space switching states.

4 SIMULATION RESULTS

Simulation results using presented method are given in
Fig. 4 (a,b,c,d,e,fand g)
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Figure 4. Simulation results
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Fig.4 shows that at t = 0.06 the actionated the power
filter starts to injecting the compensation currents (if),
which makes the currents to become almost sinusoidal
and decreases from 28.24% to 3.25%, and to be phase
with their corresponding voltages.

Moreover, the DC bus voltage (Vdc) storage terminales
capacitor (Cdc) reaches its reference value (Vdc_ref) set
at 250 V five periods.

The graphs of active P (w) and reactive power Q (Var)
show that this takes place at t = 0.06s corresponding by
the  APF action compensates the reactive power
consumed by the non-linear load current source.

The results of simulating the THD minimisation from
28.24% to 3.25% are satisfactory and prove a proper
functioning, efficiency and robustness of the shunt
active filter against any harmonic whene using
hysteresis controller.

5 EXPERIMENTAL SETUP

Using the developed simulation programs simplifies
the modeling of the designed systems. Similarly, they
used hardaware materials simplify the design becase of
their modular and compact structure. The structure of
our AC/DC/AC converter with its THD controlled by a
hyteresis controller illustrated in Fig.5 is designed and
implimented for experimentaly purposes.

The DS1104 Controller Board (a control education
kit and expansion box, ACE1104PX4) manufactured the
dSPACE and used in our experimental setup controls
the currents and voltages to enable the THD correction
and generates the PWM signals for the converter and
inverter circuits. This board is compatible with
MATLAB/Simulink and has a primary
(PowerPCPPC750GX/1GHz) and secondary processor
(Texas Instruments TMS320F240/20MHZz). To control
the experimental setup, the control algorithm prepared
in MATLAB/Simulink [31] is converted to real-time
codes by using the MATLAB/Real-Time Workshop and
dSPACE Real Time Interface and then by loading codes
to the program memory of the DS1104 controller board.
The PWM signals obtained with the designed control
algorithm and Simulink are moved sent to the driving
circuits by Bit 1/0s of the DS1104 controller board. The
system  model is created by using the
MATLAB/Simulink.

Our experimental setup consists of a variable AC
voltage, AC/DC converter, resistive loads and an
inductive load (induction machine), DC/AC converter
by SEMIKRON, controller board amplifier and buffer
circuits of the drive circuit, measurement instruments
and Fluke 43B instrument used to analyse the armonics ,
experimental setup for the dSPACE DS1104, PC of the
system model created by using MATLAB/Simulink,
loads and current sensors, voltage and other components
shown in Fig.5.
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Figure 5. Structure of the designed AC/DC/AC converter.

Our simulations using the designed experimental
setup are made with MATLAB/Simulink which controls
the circuits and the prepared simulation blocks then
used on the DS1104 platform. The simulations are there
compiled to be used on the dSPACE platform. The
parameters can be changed by the interfaces prepared on
the dSPACE control hard. These interfaces enable
seeing the online monitoring.

Figure 6. Experimental setup and other components.

The experimental setup operates at 300V of the output
voltage of the dc-link voltage of the two level 300V
inverter (Vo=300V), 200V line voltage with a non linear
load and 50 Hz frequency of phase-voltage. 300V
converter output voltage with a non linear load is
obtained with the hysteresis controller and the non
linear load line voltage is 220V at 50Hz.

Fig.8 shows the values of the line voltage, current and
THD decrease are 220V, 3.34A and 4.3% respectevely.
They are at the same time obtained also from a power
analyzer. The space-vector control algorithm shows a
good performance for the driving systems. As seen from
Fig.8, the THD value of the phase-current is low.
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Figure 7. Experimental results without controller.
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6 CONCLUSION

An experimentally designe AC/DC/AC converter
voltage-source is controlled by a hysteresis controller
enabling the THD correction. A two-level voltage-
source inverter is controlled with a space-vector control
algorithm. The experimental results show that the
hysteresis controller is an efficien tool for THD
minimization using it reduces THD input current from
25.4% down to just 3.25%. An inverter with a THD
contoller can be used instead of an uncontrolled for a
non linear load system because of its efficient current
control, low harmonic distortion and variable dc-link. A
drawback of the presented design is the need of a fast
DSP. The presented design is believied to be very useful
for the ful use AC/DC/AC systems. The aim of our
further study is to have a unigui structure enabled by
using the equipment control technigues of their rapidly
developeing new technologies.
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